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PIONEER 10 §& 11

6 HR. AVG INTERPLANETARY DATA
73-019A-12C .

72-012A-12B




PIONEER 10
72-012A-12B

6 HOUR AVERAGE INTERPLANETARY DATA

THESE DATA SETS CONTAIN 1 TAPE EACH. THE DS TAPE IS 6250 BPI, 9-TRACK,
BINARY WITH ONE FILE OF DATA, WHILE THE DR IS 3480, CREATED ON THE

ALPHA COMPUTER SYSTEM. THE DS AND DR NUMBERS ALONG WITH THIER TIMESPAN

IS AS FOLLOWS:

D# C# TIMESPANS

DR-03737 D8-03737 03/06/72-06/30/92 (Pioneer 10)

***x* Thig tape replace the tape that were once restoredr*x*




PIONEER 11
6-HR AVERAGED INTERPLANETARY DATA

73-019A-12C

This data set has been restored. There was originally one
9-track, 1600 BPI tape written in Binary. There is one restored
tape. The DR tape is a 3480 cartridge and the DS tape is 9-track,
6250 BPI. The tape was created on an IBM 360 computer. The DR and
DS numbers along with the corresponding D number and the time span

is as follows:

DR# DS# DD# FILES TIME SPAN
DR0O3738 D503738 D58152 1 04/02/73 - 12/31/90




FIONEER 1@
PIONEER 11
7E~B12A~1 2R
73~#174-12C

& HOUR AVERAGED INTERPLANETARY DATA

These data sets contain 1 tape each. The tapes are 1608 BFI,
F-track. Binary with one file of data. The tapes were created on
an IEM 3&@ computer. The [ and C numbers with their corresponding
time spans are as follows:

T2-B12A-12B
D# CH# TIME SPAN

D-58151 C-223946 BI/AL/TE ~ V2733790

73-0194-12C
D# C# TIME SPAN

D-58132 C—223%97 Ba/P277E ~ 12731/90

——— e ——— —_—— —_———n —— e e R — —_—— e —_——
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The Pioneer 1N/11 Cosmic Ray FExperiment
of Goddard Space Flight Center/IIniversity of New Hampshire

The Goddard/lUniversity of Mew Hampshire cosmic-ray experiments on
Pionears 10 and 11 and the Goddard cosmic-ray experiment on Helios-T1 and -?
are essentially identical. A schematic drawing of the detector systems is
shown in Fiqure 1 and their parameters are summarized in Table 1. The High-
enerqy Telescope (HET) is used to determine the helium eneray spectrum hetween
20 and 500 MeV per nucleon and the proton spectrum hetween 20 and &f MeV and
120 and 300 MeV. The particle traiectory for the HET is defined hy the A and
B detectors. Stopping particles in this telescope are identified hy the
additional requirement that there is no signal from the CIII detector. This
stopping particle mode covers the range from 20 to 56 MeV per nucleon for hoth
protons and a-particles. For penetratina o-particles and protons with
energies qreater than 56 MeV per nucleon, the HET becomes a trinle dF/dx
device. In this case, the enerqy is determined by the eneray loss measured in
the 1 cm CI + CII stack of solid-state detectors and the pulse-heights
measured in B and CIII are both required to he in an interval that is
consistent with a given particle of this eneray. This threefold
multiparameter analysis reduces the background level of spurious events to a
neqgliaible level. 1t is estimated that the ahsolute uncertainty in the o flux
is ~ 12% at 400 MeV and ~ 7% at eneraies helow 700 MeV, The operation of the
LET-I telescope (Fig. 1) is similar to the stopping particle mode of the HFT
except that the thin 100 ym dE/dx devices (ﬂI and NII; Fig. 1) permit
multiparameter measurements to be made from 3.7 to ?1.6 MeV per nucleon for
protons and helium nuclei. The multiparameter measurements used in this study
reduce to a neqligihle amount any corrections due to the presence of larae

quantities of radioactive material in the Pioneer 10 and 11 power sunnlies.
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The total radiation damage produced by energetic electrons and protons
incident on the Goddard/lIniversity of Mew Hampshire experiment durina the
passage of Pioneer 10 throuah the Jovian maanetosphere was sufficiently hiah
that some four electronic failures were induced by radiation damage effects.
The most serious of these was the loss of the F detector information from the
LET-1 telescope. It was found that the complete 3-21 MeV per nucleon eneray
range of this detector could be obtained for stopping o-particles hy using a
two-parameter analysis of DI vs, DII with only a small increase in backaround
(< 7%). The other failures occurred at several points in the data system hut
in such a manner that either redundant information is available or--in one
case--a correction factor {which generally was on the order of 3-5%) could be

derived from the available data.

FLECTROMIES

Pulses from each detector are amplified and shaned in a preamp/post-
amplifier, and applied to one or more pulse-heiaht discriminators which
produce logic pulses of uniform amplitude and width for each fnput pulse
exceeding the threshold. These Toaical pulses are used to form the many
coincidence-anticoincidence conditions corresponding to various particle
energies and types. Both sinale detector rates and coincidence rates are
counted in 24-bit binary counters., Sixty-one such rates are monitored in the
Pioneer instrument and 83 rates are monitored in Helios. The Pioneer rates
are shown in Table 2; Helios rate data includes additional LET-II rates and
the 2-8-keV X-ray rates. Certain coincidence conditions may initiate pulse-
height analysis of selected events. The pulse amplitudes of three selected
detector outputs are digitized by three 10-bit analoa-to-digital converters

(ADC).
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Linear Circuits

The pulse-height analyzer and coincidence system electronics for the
Pioneer and Helios missions were accomplished using nearly identical
designs. The same building blocks contained in Pioneer were used, with only
s1ight modification, in the Helios systems. Fach experiment contained three
mechanically- and electrically-separate subsystems, one for each telescope.
Since Helios contains two identical LET-II's, this suhsystem is exactly double
its Pioneer counterpart.

The preamps use an FET input in a conventional cascade confiquration.
After shaping with single inteqration and differentiation time constants of
0.6 usec, the pulses are differentially coupled to noise-cancelling linear
buffers to eliminate common mode noise pickup. CMRR was measured to be ~ &0
db at the frequencies of interest.

Each of the HET, LET-I and LET-II subsystems operates in a similar
fashion. Fiqure 2 shows the HET system. Fach noise-cancelling buffer is
followed by another huffer to boost the incoming signal to a level suitahle
for pulse-height discrimination. The nominal Tow-level sianal to he
discriminated corresponds to Channel 1 of the PHA, or 5 mi11ivolts. These
Tow-Tevel discriminators are stable with + N,5% total drift from -2n°C to
+400C. A Tower power version of discriminator is also used where + 2%
stability is tolerable. Three of eight discriminators in HET are of this
variety.

Two Tinear summing amplifiers are used in HET. The first linearly adds
the CI and CII buffered inputs. This sum is presented to the PHA for analysis
under the proper conditions, and, hence, must exceed the Tinearity
requirements of the PHA. The second summing amplifier adds the siqnals A and

8 with a weighted output from the first summing amplifier
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(A+B + 1.8 [CI+CIIT). This signal is fed into two discriminators for use in
the coincidence logic to separate protons from electrons and to separate 7 > 2
particles from protons.

In the HET system there are 15 basic coincidence equations, none of which
has less than 5 terms. Six additional sinqles rates are produced. These are
multiplexed into the 10 rate outputs. Four of the coincidence conditions are
used in the PHA control loaic. Inputs to these equations are both pulse and
level. The pulse inputs are derived from the discriminators while the levels
are derived from the data system to control commutation of the rates.

To insure that coincidence timina is not affected by "discriminator walk"
when two pulse inputs are coincident, an active delay has been incorporated.
Since the B input appears in all multi-pulse equations, it is delayed 1.5
microseconds using a monostable circuit. The remainina 7 discriminators are
followed by 3.0 microsecond monostahles. The delayed edae of the B monostahle
is fed to an edge-coupled high-speed aate, whose other "anding" inputs are 3.0
microsecond-wide pulses or levels. This method insures that if all inputs are
coincident with 1.5 microseconds, the proper equation timing will he
fulfitlled.

The coincidence system also selects events for pulse-height analysis.
There are four coincidence conditions which can initiate analysis: two contain
the term CIII (penetrating particles) in which case BI, (CI+CII)and CII! are
analyzed. The other two conditions contain CIII (stopping particles) for
which A, B and (CI+CII) are analyzed. Priority selection of event types
altows higher priority events to be analyzed and stored 1n'p1ace of lower
priority events. The relative priority of the four event tynes is rotated so
that each type has highest priority for one-fourth the time. This emphasizes

the occurrence of relatively rare events in the data.
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The PHA system contains four delay Tines and linear gates, three height-
to~time converters, a gated current source and a gqated clock. When an
acceptable event has occurred, "open" signals are sent to the prover Tinear
gates (B, [CI+CII] and A or CIII). The input signals are delayed 3.5
microseconds to compensate for delays in the coincidence and priority logic
matrices.

The HTC is of the Wilkinson discharge tyne, the usual choice for nuclear
spectrometers because of its excellent differential 1inearity
characteristics. The gated constant current source remains on hetween events
and 1s turned off slightly after opening of the linear gate. This minimizes
the effect of nofse spikes associated with opening of the linear qate, and
improves the Tow-channel resolution and Tinearity significantly. The PHA's
are able to resolve Channel 1 (5 millivolts) and produce a total differential
non-linearity of + 1.5% over the ton 99% of full scale (5 volts or Channel
1024). The digitizing clock is 500 kHz, providina a 2-millisecond conversion
time for full-scale inputs. The three 1024 channel PHA's used in HET require
Tess than 30 milliwatts of power.

The PHA system outputs three qated pulse trains which are counted in
binary counters. Additional tag bits are stored with each three-parameter PHA
quantity which identifies the event tyne, priority, sector IN of spacecraft
spin and a CII range indicator to further characterize each event,

The LET-I and -II systems shown in Figures 3 and 4 operate very similarly
to HET. The Tinear buffers, discriminators and coincidence matrix use the
same circuits as in HET. LET-1 PHA data contains diagitized values of the NI,
DII and E detector pulses, and taa hits provide sector IN, priority and event
type information., A two-level priority system is used, and both event types
are allotted equal time as highest priority events. The coincidence rates

detected by LET-I and -II are also listed in Table 2.
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Data Systems

A1l rate data is counted in "Mars buas," a custom PMOS LSI chio developed
at GSFC. A single chip contains a 24-bit binary counter, a quasi-loa
compressor to convert the 24-bit binary number to a 5-bit characteristic and a
7-bit mantissa and a 12-bit storage buffer to hold the data for readout. PHA
data are also counted and stored in PMOS IC's. The Pioneer and Helios PMNS
data systems are quite similar in desian. A1l spacecraft interface, command
processing logic, control of the accumulation intervals and formattina of Rate
and PHA data into the available telemetry space is accomplished in a
spacecraft-unique Interface Nata System (INS) usina Tow-power T2l circuits.
Discreet components were used where necessary to comply with spacecraft
interface impedances and levels.

The telemetry formatting was desianed to keep the rate data cycle time
between 3 and 7 minutes for as many bit rates and formats as possible which
were most tikely to be used during a nominal mission, or not more than one-
half of the science telemetry available to each experiment. PHA data is
inverleaved with rate data and can process up to 3 events per second on
available bit rates. PHA telemetry is always equally divided hetween HET and
LET. Because of the wide variation in bit rate (2N48/sec to 1A/sec) on
Pioneer, a complete data cycle for all rates becomes as lona as ~ 1.7 hours.

The experiment acquires spin-sectored data. A sectored rate synchronizer
generates suitable control signals to insure that the sectored rate
accumulators are live for an exact inteqral number of spacecraft
revolutions. The number of revolutions is determined by the hit rate in use
and varies from 1 rev/readout to 31 rev/readouts {spin rate ~ § RPM), and
between 53 rev/readouts to 2231 rev/readouts on Helios (spin rate ~ AN RPM),

Sectors are 450 wide on hoth spacecraft.

e - —————— . — — ————— e - em —.



Commandable features include (a) disabling the sector synchronizers in
the event of failure and (b) turning on internally-generated test pulses to
stimulate the electronics for pre-flight and 1n-flight checkout.

This hardware is an example of an extremely 1ightweight, low-power
electronic design for severe environmental conditions. The experiment
qualified in vibration at 50 g's and was subiected to almost 5x10° rads in
Jovian radiation belts. It has already been operating in fliaght for 0 years,
and we expect to be able to receive data from Pioneer 1N until the telemetry
signal is Tost. Weight was a major prohlem, especially on Pioneer. The
experiment weighed 2.2 kg for the sensor systems, the electronics system
consisting of the charge-sensitive preamplifiers, shapina amplifiers,
thresholds and logic circuitry, priority control system, six 10-bit pulse-
height analyzers, an extensive data system and the low-voltage and detector
bias dc-dc converters. Power consumption was 2.4 watts. The Pioneer
experiment includes more than 8,000 discrete electronic components per system
and more than 40,000 transistors--largely in medium- and large-scale
integrated circuits.

Experiment performance has heen excellent. Fiqure 5 shows the LFT PHA
data for the August 1972 event. This is a plot of the average dF/dx value
(TDI + DII1/2) vs. the E value with a consistency check applied to the DI and
NIT values. The chemical elements are readily identified, and isotopic

separation, even for the Magnesium line, is possible.

TIME PERIOD COVERER

The data for the planetary encounters has heen excluded from these
tapes. The following time periods were, therefore, excluded from the

interplanetary data for the spacecraft/encounter indicated:

Pioneer 10/Jupiter: 11/26/73, N0:00, to 12/16/73, Nn:00
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Pioneer 11/Jupiter: 11/26/74, 00:00, to 12/10/74, 00:00

Pioneer 11/Saturn: N8/31/79, N0:N0, to N9/0RK/79, NN:0N

- This data will be supplied on their own tapes complete with similar

documentation concerning their content.

The time periods included on these tapes are as follows:

Pioneer 10: 03/06/72, 00:00, to 01/01/87, 00:0N

Pioneer 11: 04/02/73, 00:00, to N1/01/81, 00:00

Table 3 Tists the particles and their energy range to which the different

rates are sensitive.
DATA FORMAT

Time-history of Pioneer Cosmic-ray Telescope data described above is
being submitted on 9-track tapes recorded at 1600 BPI. The tape marked PIOEPF
contains Pioneer 10 data and the one marked PINEPG contains Pioneer 11 data,

Each tape contains one file of data. The file consists of a number of
frames. A frame covers a period of one month or less and consists of eight
Flux Time-history (FTH) records. DNata items contained in the FTH records in
each frame are described in Table 3. An FTH record contains a count of the
number of data items (NBIN} whose time-history is included in the record, a
count of the number of averaging intervals (NINT) included in the record,
definitions of data items included and time-history data. Table 4 defines the
structure of an FTH record in detail. These tapes were generated on an IRM
System 360 computer; thus, a word consists of 32 bits, half-word 1 is the high
order 16-bit field of the word and half-word 2 the low order half (bits 16-31,
with the Teft-most or MSB numbered N). Characters are represented in 8-bit
EBCDIC byte, real numbers are represented in the IBM single precision floating

point format. Length (in words) of an FTH record is qiven by

T
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200 + (3 + 2 * NBIN) * NINT NBIN < 5

233 + (3 + 2 * 6) * NINT NBIN = 6

Thus, FTH records have a maximum length of 1812 words (7248 bytes).
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RATE

*R1

*R2

*R3

R4

R5

R6

R7

R8

R9

R10

*R11

R12

R13

COINCIDENCE

(A2K1+A1CI)BCIII

AIAZB CIII

AlBKZC—:[ﬁ
A.B CIIT
A BKZ_C—I
A,BK,CICII
A
A
A
A K’Z"BET
A,A,BCICIT

A A _BCICIICIII

172"
A BKICI_

A,BR CICIT

A,BK CICTICTIT
B

cI

cII

CIIT

[ o T o)

BKZCICIICIII

L N S T o T I N

NN

DIDIIF
DIDIIEDF
DIDIIE.F

1

DIDIIZDE?,F

DIDIIE 21?

DIDIILDE 415

Table 2

PARTICLE/ENERGY "

Protons, Z>2: . 20-56 MeV/nuc
Electrons: 2-8 MeV

Protons: >230 MeV

Z>2: 20-56 MeV/nuc

Protons, 56-220 MeV; Alphas, >56 MeV
Alphas: 20-30 MeV/nuc

Alphas: 30-45 MeV/nuc

Alphas: 45-56 MeV/nuc

2-4 MeV

4-6 MeV

68 MeV

20-30 MeV/nuc
30-45 MeV/nuc
45-65 MeV/nuc

Electrons:
Electrons:
Electrons:
Protons, Alphas:
Protons, Alphas:

Protons, Alphas:

Protons, Z>2: 3-21 MeV/nuc
2>2: 3-21 MeV/nuc
Protons, 2Z>2: 6~21 MeV/nuc
Z>2: 6-21 MeV/nuc
Protons, Z>2: 10-21 MeV/nuc
2>2: 10-21 MeV/nuc




Table 2, Continued:

RATE

R14

R15

R16

5R1

SR2

COINCIDENCE

DI
DII

Ey

F

SI

SII

SIII

SITA

SI1. SII SIIA SILI
SI. SII STIIA SIII
SI. SIT SIIA SIIT
SI, SII SIIA SIII
SI SII, SIIA SILT
SI SII, SIIA SIII
SI SII, SITA SIIT
SI SII, SITA SIII

4

AlAZB CI CIII

AszlﬁTTf

DIDIIF

DIDIIEIF

SI. SIT SIIA SIII
SI, SII SIIA SIII
SI. SII SIIA SIII
SI, SII SIIA SIII
ST SII, SIIA SIIT
ST SII, SIIA SIII
ST SII, SIIA SIII
SI SIIy SITA SIII

o o =

i
2
3

L~ O oW

o+
"Design goals, actual parameters for the
in Table 3.

*

Designates PHA conditions.

K = A+B + 1.8(CIHII)
D = DI4DII +1.6E

PARTICLE/ENERGY:+
Protons: ,15-2,1 MeV
Protons: .72-2.1 MeV
Protons: 1.2-2.1 MeV
Alphas: .6-2.1 MeV/nuc
Protons: 2.1-21 MeV
Protons: 5.7-21 MeV
Protons: 15.1-21.2 MeV

Alphas: 6-21.2 MeV/nuc

Electrons:

4-8 MeV

Protons, Z>2: 20-56 MeV/nuc
Protons, Z>2: 3-21 MeV/nuc
Protons, Z>2: 6-21 MeV/nuc

Protons:
Protons:
Protons:
Protons:
Electrons:
Electrons:
Electrons:

Electrons:

.12-2.1 MeV
.52-2.1 MeV
1.5-2,1 MeV
1.5-2.1 MeV
.12-2 MeV
402 MeV
.68-2 MeV
.97-2 MeV

submitted rates are listed




Table 3. Data Content of a Frame on PIOEPF and PIOEPG

FTH RECORD #
WITHIN A FRAME DATA ITEM
1 112.0 -400.0 MeV Proton
30.0 - 56.0 MeV Proton
3.44~ 5.2 MeV Proton
112.7 -400,0 MeV Alpha
30.0 - 56.0 MeV Alpha
2 10.0 - 21.0 MeV Alpha
3.44- 5,2 MeV Alpha
2.0 6.0 MeV Electron
Rl 2-8 MeV electrons, 20-56 MeV protons
R2A >180 (P-10), >220 (P-11) MeV protons,
>8 MeV electrons
3 R2B All Z>2 ions with a range < 1.5 cm in Si
R3A 56-180 (P-10)-220 (P-11) MeV protons plus
> 56 MeV alphas
ROA 0.22 MeV threshold on Det. B
RSB 1.0 MeV threshold on Det., CI
R9C 1.1 MeV threshold on Det., CII
4 R9D 0.23 MeV threshold on Det. CIII
R10A 0.13 MeV threshold on Det., DI
R10B 0.60-33 MeV protons, > 0.39 MeV alphas
R10C 0.72-20 MeV protons, > (.42 MeV alphas
R10D 0.84-14.2 (P-10), 0.82-15.1 (P-11) MeV protons
> 0,46 MeV alphas
5 R10E 1.1-8.1 MeV protons, > 0.53 MeV alphas
R1OF 1.60-5.1 (P-10), 1.56-5.1 (P-11) MeV protons,
> 0.63 MeV alphas
R10G 2.29-3.8 (p-10), 2.13-3.8 (P-11) MeV protons,
> 0.75 MeV alphas
R10H > 0.99 MeV alphas with proton contamination
R13A 3.2-21 MeV protons and alphas
6 R11B 3.2-21 MeV alphas and heavier ions
R12A 5.6-21 MeV protons and alphas
R12B 5.6-21 MeV alphas and heavier ions
R15A 0.20~-2.15 (P-10), 0.20-2.17 (P-11) MeV
protons, alpha and ion contamination
R15B 0.74-2.15 (P-10), 0.72-2.17 (P-11) MeV protons,
0.22-2.05 MeV alphas
7 ~ R15C 1.24-2.15 (P-10), -2.17 (P-11) MeV protons,
0.34-2.05 MeV alphas
R15D 0.69-2.05 (P-10), 0,66-2.05 (P-11) MeV alphas + ions
R16A 3.2-20.6 MeV protons, plus some alphas
R16B 5.7-20.6 MeV protons, plus some alphas
R16C 14.9-20.6 MeV protons, plus some alphas

8 R16D 6.6-20.6 MeV alphas




WORD

3-35

36-68

69-101

102-134

135-167

168-200

201-

201-233

234-

P

Table 4.

HALFWORD

TYPE

Integer

Integer

character

character

character

character

character

character

NBIN <

NBIN =

character

STRUCTURE OF FLUX TIME-HISTORY RECORD

DESCRIPTION

Number of data items contalined in
the record (NBIN).

Number of averaging intervals (NINT)
contained in the record.

132-character
satellite and

title identifies
gives the start time

of first averaging interval and last
averaging interval in the record.

132~character
data 1tem.

132—character
data item, 1if
not used.

132—character
data item, 1if
not used.

132-character
data item, 1if
not used.

132-character
data item, if

not used.

5

description of first

description of second
NBIN > 2. Otherwise,

description of third
NBIN > 3. Otherwise,

description of fourth
NBIN > 4. Otherwise,

description of fifth
NBIN > 5. Otherwise,

NINT Averaging Interval Entries

(AIE).

6

132~character
data item.

The structure of an AIE is
showm In Table

degcription of sixth

NINT Averaging Interval Entries as
defined in Table 5.
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Table 5. STRUCTURE OF AVERAGING INTERVAL ENTRY

WORD HALFWORD TYFE DESCRIPTION
1 1 Integer 2-digit year
2 Integer month of year
2 1 Integer day of month Start time
2 Integer hour of day of averaging
Interval
3 1 Integer minute of hour
2 Integer second of minute
4= Real NBIN FLUX entries. Each FLUX entry
(3+2*NBIN) is two words long. If the second

word of the entry is -1.0, data for
this 1tem is not avallable;
otherwise the first word is the
value of flux and the second word
contains the associated statistical
error.
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